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Abstract 

We study the expected diffuse cosmic neutrino flux produced by Population III 
(PopIII) stars during their nuclear burning phases as well as from their final stages of 
evolution (core collapse). Assuming a fraction /ni = 10~ 3 of all baryons forms PopIII 
stars, our flux estimate is comparable to the diffuse neutrino flux produced by the 
ordinary stars and by the ordinary core-collapse supernovae in the universe, i.e. of 
order 1-10 cm~ 2 s _1 . Due to the large cosmic redshift, however, the typical energies 
are in the MeV and sub-MeV range where the solar and geophysical neutrino fluxes 
are much larger. A direct detection of the diffuse cosmic flux is out of the question 
with presently known experimental techniques. 
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1 Introduction 

A pregalactic generation of stars known as Population III (PopIII) is thought 
to have formed from the pristine metal-free gas left from primordial nucle- 
osynthesis. The peculiar characteristics of this hypothetical class of objects 
make it a favored candidate for the engine driving the cosmic reionization 
event, put in the range 11 < z r < 30 at 95% C.L. by the optical-depth mea- 
surements of WMAP [1,2]. The high- mass peak of the PopIII initial mass 
function (IMF) [3,4] should produce both pair-instability supernovae if the 
stellar mass is between 140 M and 260 M and black holes for both smaller 
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and larger masses [5,6]. Moreover, their strong UV emission would reionize 
the surrounding space. 

Unfortunately, the short evolutionary timescales of such massive stars of about 
10 6 years and their presumed formation sites in minihalos make them inacces- 
sible to direct observations. The massive peak of the predicted bimodal IMF is 
probably the only part which effectively contributes to the stellar history be- 
cause both the chemical and radiation feedback of these massive stars prevent 
the formation of a low-mass population that otherwise could have survived 
until now. Therefore, bounds on their existence and properties could be ob- 
tained indirectly by reionization data [7], infrared background analyses [8], or 
nucleosynthesis yields [9,10]. Further details on this issue can be found, for 
example, in Ref. [11]. At present, none of these observables provides clear ev- 
idence for the existence of PopIII stars, nor do they rule out their occurrence 
in the early universe. 

Interestingly, an important fraction of the stars belonging to this generation 
may experience a final fate with a huge emission of neutrinos [6]. Moreover, 
independently from their final fate, these stars produce a considerable amount 
of thermonuclear neutrinos during their main sequence evolution through the 
pp chains and particularly the CNO cycle. In addition, they produce thermal 
neutrinos in their late burning phases (C-Ne-O-Si). The aim of this paper is 
to estimate the diffuse cosmic neutrino flux originating from these stars and 
to check whether there are any chances for its direct detection with present 
experimental technology. 

Our study has two main motivations. First, the lack of any direct evidence 
of PopIII stars makes the clean signature represented by their neutrino fluxes 
an appealing but challenging task. Secondly, in the era of precision neutrino 
observations it is mandatory to explore and estimate all possible backgrounds 
for these experiments. Recent efforts have been made to evaluate the cosmic 
and stellar neutrino background in the range of 0.1-few MeV [12] as well as 
the neutrino and antineutrino solar flux in the very low energy range [13]. 
Therefore, it is worth looking for other possible sources to properly estimate 
the total flux in these energy ranges, and indeed we will show that PopIII arc 
likely to represent a significant cosmic contribution, though of limited interest 
for direct experimental searches. 

We begin in Sec. 2 with a general formulation of the expression for the diffuse 
cosmic neutrino flux from the PopIII sources. In Sees. 3, 4, and 5 we estimate 
the contributions from thermonuclear reactions, thermal plasma processes, 
and the final core-collapse phase. In Sec. 6 we summarize and discuss our 
results. 
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2 Schematic model for neutrino flux predictions 



The neutrino flux emitted by PopIII stars consists of several contributions, 
covering different energy ranges. 

(i) The neutrino flux from the hydrogen burning phase that would contribute 
in the energy range 0.01-0.1 MeV because of cosmological redshift effect. 

(ii) The neutrinos and anti-neutrinos of all flavors produced in the advanced 
burning stages by purely leptonic processes [14,15,16]. This contribution de- 
pends rather critically on the star's chemical composition, temperature and 
density profile as well as the timescales of the relevant evolutionary phases. 

(iii) The huge emission of neutrinos and anti-neutrinos of all flavors produced 
during the core collapse. The expected energy range is 0.1-1 MeV. 

(iv) The neutrinos and anti-neutrinos of very high energy (E > 1 TeV) of a 
possible GRB phase [17]. After the collapse to a black hole, an accretion disk 
could form and hadronic photo-meson production would occur in strongly 
collimated and relativistic jets. 

In the following we will describe in some detail the expected fluxes for the 
first three contributions and compare them with other known sources popu- 
lating these energy ranges. Since a detailed description of the PopIII epoch 
is still lacking, especially as far as their initial and final evolutionary stages 
are concerned, we will only give order-of-magnitude estimates and consider a 
schematic model. The neutrinos from a possible GRB phase, though proba- 
bly constituting the most likely PopIII contribution to be detected, are also 
the most model-dependent, and will not be further discussed here. It is how- 
ever encouraging that the new AMANDA limits already significantly constrain 
the parameter space adopted in Ref. [17], meaning that a possible detection 
of these neutrinos is already within the capabilities of present neutrino tele- 
scopes [18]. 

Denoting by v a a generic neutrino or anti-neutrino flavor state, the differential 
flux from a production mechanism j expected at Earth is 

dFf J dz rdMdn(M) dP?{M,E{\ + z)) 

~dE =C i ll{z) Rm{z) J WdtoM ' N * dE ' (1) 

z f 



where Rm(z) is the average-mass star- formation rate per unit comoving vol- 
ume, dn(M) / d(\n M) is the IMF, while Zi and Zf denote the initial and final 
redshifts of the PopIII epoch. Further, JV° is the total number of v a emitted 
by a star with mass M due to the j-th mechanism (thermal, nuclear, core col- 
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lapse), integrated over the entire stellar lifetime and dP!j*(M, E(l + z))/dE is 
the corresponding emission probability per unit of initial unredshifted energy 
E(l + z). Finally, H(z) is the Hubble parameter 



1/2 

h(z) = h n M (i + z) :i + n A + (i-n M -n A )(i + z) 2 , (2) 



where we have ignored the contribution of radiation to Q because it is neg- 
ligible for the relevant redshift range. In the following we will consider a flat 
cosmological model with f2 M = 0.3 and f2 A = 0.7. 

The PopIII neutrino flux is quite sensitive to the assumed IMF. Recent simu- 
lations of the star-formation phenomenon in a metal free environment provide 
an IMF peaked at masses M ~ 100-300 M [4]. Unless otherwise stated, we 
will consider a simple model for the IMF, assuming that it is a peaked function 
at Mm = 300M Q . This is an optimistic scenario, giving the largest neutrino 
flux from the dominating core-collapse mechanism. Detailed modeling for this 
mass value has been performed in Ref. [6]. 

The number of baryons forming a PopIII star of mass Mm is Mm/rriN with 
in jv the nucleon mass. Denoting by fm the total time-integrated fraction of 
baryonic matter which is converted into PopIII stars we can re-cast Eq. (1) as 

dF ° - , m " h i w, , i ,,«^°( M ni,-B(l + 2)) 



z f 




where n 7 = 410 cm 3 is the number density of cosmic microwave photons and 
rj = (6.3 ± 0.3) x 10~ 10 is the cosmic baryon-to-photon ratio [2]. Moreover, 



(4) 



is a normalized star-formation rate per unit redshift. The functional form of 
p(z) enters mainly in determining the energy range where the neutrino flux 
from PopIII is expected in view of the cosmic redshift. 

The value of fm is probably the largest source of uncertainty. The existing 
estimates suggest a range 10 — 4 — 10~ 2 [4]. We will use 

fm = lO" 3 (5) 



in all of our estimates. As fm enters the neutrino flux linearly, our results 
scale trivially for different assumed values of this parameter. 
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To illustrate the sensitivity of our results on p(z) we will consider three generic 
cases. The first is p(z) peaked at some definite value z, i.e. p(z) = 5(z — z). 
The second is a constant star-formation rate as a function of redshift, p(z) = 
(zi — Zf) -1 . Finally, we consider a constant star formation rate as a function 
of time, p(z) oc [H(z){l + z)] -1 . 



3 Thermonuclear neutrinos 



We begin with an estimate of the neutrino flux from the hydrogen-burning 
phase. Since the initial hydrogen mass fraction is approximately 75%, one 
would conclude that the upper limit to the number of v e is given by 0.5 x 
0.75M in /mjv ~ 0.38 M U i/m N . By only considering the helium core masses 
given in Ref. [6], one can deduce that at least a fraction 105/300 = 35% 
(M ra = 300 M ) or 67.5/250 = 27% (M m = 250 M Q ) of the initial stellar 
mass has been converted into helium. However, also the external layers of the 
star are helium and metal enriched [6]. Therefore, a reasonable estimate for 
the overall number of thermonuclear neutrinos emitted per star is 



with less than a factor of 2 uncertainty caused by the stellar mass. Notice 
that when using this expression in Eq. (3) we find that the total flux does not 
depend on the chosen value for M m . Even assuming a more realistic IMF one 
expects only a weak dependence on it. 

The energy spectrum depends on the burning mechanism. As the PopIII stars 
are metal-free, one would expect a dominance of the pp chains that does not 
require CNO elements. In reality, after the very initial stages when the star 
produces its own metals through the triple-a process, the energy production of 
a PopIII star is dominated by the CNO burning of H into He [20,21,22]. From 
the tables in Ref. [20], for a very massive star the pp cycle is not expected 
to contribute more than few percent at the central core, while its importance 
possibly grows towards external layers. For illustrative purposes we calculate 
the emission spectra under the simplified hypothesis that 90% of the neutrino 
flux is produced through the CNO cycle and the remaining 10% by the pp 
chains. We limit our considerations to the main source of the pp-I and pp-III 
chains and the two leading channels of the main CNO cycle, i.e. 



p + p -> 2 H + e+ + u e Endpoint « 0.42 MeV 

8 B -> 4 He + 4 He + e + + v e Endpoint « 15 MeV 
is N _^ i3 C + e + + Ue Endpoint « 1.20 MeV 
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N + e + + v. 



Endpoint « 1.73 MeV 



(7) 



The standard theory of nuclear weak processes [19] was used to calculate the 
corresponding fluxes which are shown in Fig. 1. 
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Fig. 1. Diffuse cosmic neutrino flux from thermonuclear reactions in PopIII stars 
under the assumptions outlined in the text and a star-formation rate peaked at 
z= 17. 



A brief comment is in order. In our Sun, approximately 85% of 3 He burns to 
4 He by the reaction 



5 He + 3 He -> 2p + 4 He 



while the remaining 15% goes into 7 Be through 
4 He + 3 He -> 7 Be + 7 



(9) 



finally forming 7 Li via electron capture. This secondary path (pp-II chain) is 
responsible for the 7 Be neutrinos, while only a small fraction of about 0.02% 
of beryllium further burns to boron via the proton capture 



7 Be + p -> 8 B + 7 . 



(10) 



This situation changes somewhat in hotter stars like the ones we are consider- 
ing. They spend their main-sequence life at T core ~ 10 8 K or larger so that the 
process Eq. (10) is far less Coulomb suppressed, allowing the boron channel 
to dominate over the beryllium electron capture. Further, a higher fraction 
of 3 He burns radiatively through the process Eq. (9) with respect to the so- 
lar case, dominated by the channel Eq. (8). This suggests that the weight of 
the boron neutrinos relative to the pp and Be ones significantly increases. A 
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detailed analysis would be required to produce firm quantitative predictions, 
but from an inspection of the rates it appears not unlikely that the boron flux 
is as large as 10% of the pp flux, a ratio that we will use in the following. 
The beryllium flux is marginal and will be neglected, especially because of the 
leading role of the CNO reactions in the same energy window. 

For the flux prediction in Fig. 1 we have assumed a star formation rate peaked 
at a redshift z = 17. We observe that varying the value of z in the range 11-23 
produces a change of the amplitude and endpoint of the neutrino spectrum 
by a factor two only. For our purposes, the instantaneous reionization approx- 
imation is then well justified. 

A more careful estimate requires a detailed evolutionary model for the PopIII 
generation, but our result already shows an interesting feature. If one compares 
the flux of Fig. 1 with the thermonuclear neutrino background from later star 
generations shown in Ref. [12], the PopIII background in the approximate 
range of 10-100 keV is likely to be comparable to the fluxes from ordinary 
stars in the entire universe and the galaxy, except along the galactic disk. 
As the flux from galactic and extra-galactic plasma and cooling neutrinos 
in that range is expected at most of the same order [23] we see that there 
could be a region where the contribution of the PopIII stars to the neutrino 
background is significant. Moreover, the spectral features of this flux would 
give important information on key parameters such as the reionization epoch, 
which can be determined by the energy endpoint, and the fraction /fii which 
sets the integrated flux. 

Unfortunately, the detection of such a low-energy flux seems almost impos- 
sible at present, in particular since it is overwhelmed by the solar neutrino 
flux by orders of magnitude. In the energy range up to a few MeV, exist- 
ing detection techniques are based on radiochemical processes which do not 
provide directional information that would allow one to discriminate against 
solar neutrinos. Still, according to our estimate the thermonuclear neutrino 
flux from PopIII stars is a significant contribution to the diffuse cosmic neu- 
trino background in the 10-100 keV energy range. 

The thermonuclear neutrinos are produced in the v e flavor state. The well- 
established evidence for neutrino flavor mixing [24] implies that flavor trans- 
formations will occur on the way to us. In particular, the low energy part of 
the spectrum will be mainly affected by vacuum oscillations (pp and CNO) 
as in the sun, while matter effects will be dominating the oscillation phenom- 
ena at higher energies leading to an adiabatic v e conversion. This means that 
the original v e in this case leave the star in the v\ mass eigenstate that con- 
tains significant admixture of all three flavors v e , and v T . Therefore, the 
thermonuclear neutrino flux arriving at Earth will contain comparable con- 
tributions from all flavors. A detailed study of the oscillation phenomenon in 



7 



PopIII stars is beyond the aim of this paper as it requires detailed informa- 
tion of the stellar density profiles as well as of the redshift dependence of the 
PopIII star-formation rate. 



4 Thermal neutrinos 



When a massive star ignites the carbon cycle, neutrino emission starts to play 
a primary role in carrying the energy away from the core. The energy-loss 
rate depends sensitively on temperature so that detailed knowledge of the 
late evolutionary stages is crucial to derive reliable estimates of the neutrino 
fluxes. However, the simulation of these advanced stages is tricky. The silicon- 
burning stage constitutes a "potentially numerical unstable stage" of stellar 
modeling [25], especially because of its coupling to convection phenomena. 
Moreover, the burning phase of very massive stars would be far from a quasi- 
stationary path, being eventually characterized by a pair-instability phase and 
violent mass-ejecting pulsations [6,25]. Keeping in mind this caveat, one may 
conservatively estimate the number of these thermal neutrinos as follows. 

Assume that the thermal neutrinos carry away all of the nuclear energy of the 
star that is produced by carbon burning and all subsequent burning phases. 
From Fig. 1 of Ref. [10] one deduces that even for high progenitor masses 
(i.e. 200-300 M Q ) only up to about 30 M Q burn to 28 Si or heavier nuclei in the 
late evolutionary phases. Therefore, assuming that 15% of the baryon matter 
is involved in these advanced burning phases, under the extreme hypothesis 
that all these nucleons are converted from carbon to iron-group nuclei, and 
neglecting the additional energy supplied by gravitational contraction, one 
obtains 

AT n , r ^III B Fe — Bc , s 

^thermal ~ 0.15 j— , 11 

m N {E u } 



where Bp c 8.8 MeV is the binding energy per nucleon of the iron-group 
nuclei, B c ps 7.7 MeV that of carbon, and (E v ) is the average energy of the 
emitted neutrinos. For carbon burning and beyond, the thermonuclear reac- 
tions take place at temperatures in the range 50-300 keV where the neutrino 
losses are dominated by the pair-annihilation process e + + e~ — > v + V with 
neutrino energies in a relatively narrow range of about 0.5-3 MeV [27,28]. 
Taking (E v ) = 1.5 MeV we thus find 

iV therma i » 1-3 x 10 56 ^ • (12) 



A comparison with the other neutrino sources is shown in Fig. 5, where a 
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blackbody distribution with T = 0.5 MeV was assumed and the total flux was 
normalized to Eq. (12). 

Given the existing uncertainties, the best one can say is that this is likely to be 
a significant contribution to the overall neutrino spectrum from a PopIII star, 
but also quite dependent on its evolutionary details. As the redshift would 
move the energies into the keV to few hundreds of keV range, once again this 
flux would be dominated at low energies by the solar thermal neutrinos and 
anti- neutrinos [13] , and at higher energies by the thermonuclear neutrinos from 
the Sun (u) or by geo- neutrinos (p), thus preventing any possible detection. 
By comparing our results with the curves shown in Ref. [12] one expects a 
sub-leading contribution to the diffuse cosmic neutrino background in this 
energy window. Incidentally, we note that a detailed evaluation of the thermal 
neutrino flux from galactic and extragalactic normal stars (PopI and PopII) 
is still missing. 

The thermal neutrinos are produced in all flavor states, although the v e v e 
channel dominates. Flavor oscillations will lead to partial swapping of the dif- 
ferent fluxes. In any event, the fluxes arriving at Earth will contain comparable 
contributions from neutrino and anti-neutrinos of all flavors. 



5 Core collapse 



We assume that every PopIII star ends its life in a core collapse (CC) that 
produces a total number of u a given by 

N cc = ^- (13) 



Here, E^ ot is the total energy released in the neutrino species a = u e , u^, u T , 
P e , P M , and P r , whereas (E a ) is the corresponding average neutrino energy. 
Our following estimates depend primarily on the rotating 300 M Q simulation 
performed in Ref. [6] that to our knowledge is the most accurate analysis of 
its kind. 

The total energy release E" ot is of the order of 10 55 erg for each neutrino species 
a as indicated by Fig. 9 of Ref. [6] that shows a luminosity for each neutrino 
species in the range 10 54 -10 55 erg s _1 . An almost constant luminosity lasts for 
a few seconds until the event horizon reaches the neutrino sphere, eventually 
cutting off the neutrino emission. During the luminosity peak the equipartition 
of energy among different neutrino species holds approximately and the mean 
energies satisfy a hierarchical pattern similar to standard core-collapse super- 
novae [29] . At the peak of the luminosity curve, the star is optically thick and 
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different neutrino species are trapped inside the core at different radii because 
of the different trapping reactions. Denoting with v x the /i and r neutrinos 
and antineutrinos, the average energies are numerically found to be [26] 

(E Ue ) « 15 MeV , (E Pe ) « 17 MeV , (E Vx ) « 20 MeV . (14) 



After the neutrino spheres have disappeared in the black hole, smaller contri- 
butions to the luminosity are still provided by neutrinos escaping from outer 
layers of the star with slightly lower average energies [26], 

(E Ve ) « 10 MeV , (E Pl! ) « 12 MeV , (E„ x ) « 9 MeV . (15) 



The neutrino spectra as seen by a distant observer can be approximated in 
terms of a normalized Fermi-Dirac distribution 

dN?(M Ilh E(l + z)) _ 2 E\l + zf 
dE 3( 3 T* e m+z)IT a + i 



where (E a ) = 7tt 4 T a /(180Cs) defines the effective temperature T a . The tem- 
perature adopted in this case is the properly averaged mean between the 
typical values of the two different luminosity phases. Our results for the neu- 
trino fluxes are shown in Fig. 2 assuming a star-formation rate p(z) peaked 
at z = 17. Obviously, the inclusion of neutrino oscillations would smooth the 
flavor-dependent flux differences shown in Fig. 2. 




E (MeV) 



Fig. 2. Diffuse cosmic neutrino fluxes from core collapse of PopIII stars. The v e (solid 
line), v e (long-dashed) and v x (short-dashed) spectra are shown for a star- formation 
rate peaked at z = 17 and for the fluxes calculated as explained in the text. 



The effect of the cosmic redshift, as expected, is quite dramatic as can be seen 
from Fig. 3, where we show the v e spectrum for three different values z = 10, 
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20 and 30. On the other hand, the flux is much less sensitive to the redshift 
dependence of the star-formation rate p(z). This can be seen from Fig. 4, 
where we show the v e flux for a delta-like p(z), along with the results for a 
constant star-formation rate as a function of redshift or time. We have fixed 
in the first case z = 17, while in the latter ones we have chosen the generous 
redshift interval z% = 24 and Zf = 10. The spreading of PopIII formation 
over a non-zero redshift interval has the main effect of slightly shifting the 
spectrum towards higher energies, where however the flux becomes very small, 
by keeping constant the integrated flux. 



— (cirrV^eV -1 ) 




Fig. 3. Diffuse cosmic v e flux from PopIII core collapse for an emission redshift 
z = 10 (solid line), z = 20 (long-dashed) and z = 30 (short-dashed). 




E(MeV) 



Fig. 4. Diffuse cosmic u e flux from PopIII core collapse for an average redshift z = 17. 
The solid line is for a star-formation rate p(z) = 5(z — z), while the long-dashed 
and short-dashed curves correspond to a constant rate as a function of redshift and 
time, respectively, during a redshift interval Z{ = 24 and Zf = 10. 



These results were obtained assuming a simple IMF, peaked at 300 M . How- 
ever, changing the stellar mass distribution affects the neutrino flux from core 
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collapse events because the amount of neutrino energy per baryon that is re- 
leased in a core collapse event depends on the stellar mass. We recall that 
for a progenitor of 20 M the core collapse leading to an ordinary supernova 
produces a total neutrino energy release of about 3 x 10 53 erg [29], two orders 
of magnitude smaller than what is found in Ref. [6] for a rotating 300 M Q star 
that has about ten times the mass. Therefore, in the latter case the neutrino 
energy per baryon that is released is about ten times larger. Also, the aver- 
age neutrino energies would be different for different stellar masses. Finally, 
different choices of stellar parameters could dramatically reduce the neutrino 
flux escaping from the star before the collapse, as shown in Ref. [6] for the 
non-rotating star simulation. The neutrino fluxes from PopIII core collapse 
shown here are therefore somewhat of an upper limit and, for a given frac- 
tion of baryons fm forming PopIII stars, the true diffuse cosmic flux could be 
smaller by at least a factor of a few. 

The detection possibility of the PopIII neutrino flux from the core collapse 
mechanism is again extremely challenging because the peak of the energy 
distributions likely falls in the solar pp range. Even for more optimistic model 
parameters that shift the peak of the distribution to energies beyond 0.42 MeV, 
the signal still would be several orders of magnitude smaller than the sub- 
dominant CNO solar flux. In the anti-neutrino channel, the cosmic flux is 
overwhelmed by the geo- and reactor-neutrinos. Geo-neutrinos have a flux in 
the energy window up to about 3 MeV of 10 4 -10 5 cm' 2 s' 1 MeV" 1 [31]. 



6 Conclusions 

We have estimated the diffuse cosmic neutrino flux produced by the pregalac- 
tic generation of stars known as Population III. Using very simple models, 
we have calculated the fluxes due to the thermonuclear hydrogen burning 
processes, the contribution of the thermal neutrinos emitted in the late evolu- 
tionary stages, and the neutrino burst emitted during the core collapse phase 
at the end of the stellar evolution process. We summarize our optimistic esti- 
mates for these fluxes in Fig. 5. We find that these fluxes are too small to be 
detected with present or planned experiments: one expects indeed less than 
10 _4 yr _1 events per kton in a typical water Cherenkov detector. Moreover, 
even our optimistic estimates imply that local backgrounds such as solar or 
geo-neutrinos completely dominate the cosmic diffuse flux. The only specu- 
lative neutrino detection channel for PopIII stars thus remains that of the 
ultra-high energy neutrinos emitted in a GRB-like process [17]. 

Turning this result around, we conclude that even under extreme assumptions 
the diffuse cosmic neutrino flux from PopIII stars is irrelevant as a possible 
contamination or background to existing neutrino experiments. 
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Fig. 5. Diffuse cosmic neutrino flux from PopIII stars caused by thermal emis- 
sion (long-dashed line), thermonuclear reactions (solid line), and core collapse 
(short-dashed line), assuming a star-formation rate peaked at z = 17. All of these 
flux estimates should be taken as optimistic — the true fluxes could be lower by 
factors of a few or even an order of magnitude, especially for the CC case. The ther- 
monuclear flux consists of neutrinos of all flavors due to oscillations. The thermal 
and core-collapse fluxes contain both neutrinos and anti-neutrinos of all flavors. 

While perhaps an academic exercise in view of realistic detection possibilities, 
we find it an interesting question in its own right to develop a quantitative 
understanding of the diffuse cosmic neutrino fluxes due to all astrophysical 
sources and in all energy bands. In principle, they could be disentangled from 
the local contributions (Sun, Earth) thanks to directional information of the 
latter ones, provided that the instrumental noise is sufficiently under control 
and sufficiently long integration times are allowed. The diffuse cosmic and 
galactic neutrino flux from ordinary stars was previously estimated [12]. We 
compare our estimates for the PopIII flux with the most optimistic predictions 
of Ref. [12] in our Fig. 6. For a baryon fraction /ffi = 10~ 3 forming PopIII stars 
as assumed in all of our estimates, we find the two fluxes to be comparable, at 
least within the current uncertainties. (Of course, the galactic flux is strongly 
peaked along the galactic disk and about 2 orders of magnitude weaker in the 
orthogonal direction so that it does not directly compare with the isotropic 
cosmic flux.) Notice that at low energies the flux estimate from ordinary stars 
does not include neutrinos from thermal plasma reactions. Remarkably, it is 
likely that the v flux from PopIII is the dominant cosmic component in the 
0.01-few MeV range (Fig. 7). 

The one diffuse cosmic neutrino flux that may become detectable within the 
next few years is that from all ordinary core-collapse supernovae in the uni- 
verse. In the energy range of a few tens of MeV, the expected flux exceeds all 
backgrounds [32,33] and may become detectable in the possible future GAD- 
ZOOKS version [34] of Super-Kamiokande, in a corresponding megaton detec- 
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Fig. 6. Diffuse cosmic neutrino flux from PopIII stars (solid line), summed over all 
production mechanisms. For comparison we show the diffuse cosmic and galactic 
flux from thermonuclear reactions in ordinary stars according to Ref. [12] and from 
ordinary core-collapse super novae. 
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Fig. 7. Diffuse cosmic anti-neutrino flux from PopIII stars (solid line), summed over 
all production mechanisms. For comparison we show the diffuse flux from ordinary 
core-collapse supernovae. 



tor, or in a 100 kton liquid Argon experiment [35]. For comparison we show 
this diffuse flux also in Fig. 6, calculated according to the "median" model 
described in Ref. [32,35]. Although the low-energy tail is affected by large un- 
certainties because of the significant role of the early (i.e. high redshift) SN 
contribution to the rate, it is clearly the dominant diffuse cosmic neutrino and 
anti-neutrino flux in the energy range above a few MeV as shown in Figs. 6 
and 7. 
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